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Abstract 


We (ouMclei a packet data DS-CDMA svstem wliidi supixnls iiniltiple seivicc'.s flic 
seivices aie paititicmed into dific'ieut tiaffic classes accoidui}^ to tiaiismission late and 
cpialitv of seivK e An aualvtu al iiK'thod of alloeatmg lesouices vi/ powei and pioc ('.ssiiiu, 
f;am to ditteient (lasses ot iiseis in the* piestnue of otliei cell niiei leu'iu e and iinix'ilec t 
powei (ontiol loi both uplink and downlink is pic'sc'iited We ( onsidcn two models Im 
data us('is landoni and c oiitinnous We maximize the tliion^li])nt of data usets l)\ 
finding the oplimal pro( ('ssmg gain of data users foi a given laliu' of piocessiiig gam ol 
voice us('is Th(' (pialitv of seivicc' measmes consideic'd aie ai('iag(' delav foi data iiallu 
and bit c'lioi iat(> foi tone liaftie 



Chapter 1 


Introduction 


Pcisonal \Micless ( oimnuiucatiou svstPius < uiieutlv in uso around tlu' world aio hisi and 
spfoud gpiipiatioii (2G) systems Frist generation systems consisl of the analog molide 
phones that offered only youe c omiimmc atioiis. like* Adyaiui'fl Mobile Phone System 
(AMPS) and Total Aicess Cellular System (TACS) Second geiK'iation systems oftm 
digital yoK e and low to iiK'dium-iate data ( omniuiiK ations (e g n]>1o 9 G kb/s) Soim' n( 
the mam systems are Global System for Mobile Communu ations (GSM). Digital .\MPS 
(DAMPS)/IS- MG Personal Digital Cellular (PDC), and Cdni.iGue/IS-OoB (IS-')')B is 
the latest yc'rsion of IS-9”)) Thud generation systems are m d('\('lo]niient and will oflei 
multimedia capabilities and support for high bit raters (144 kb/s to 2 Mb/s) 

The ITU TG8/1 has proposed the third generation mobile c ommunkation system 
namc-^d as IMT-2()()() (Iiitcn national Mobile Telecommunications iOOO) [IG] The goal ot 
the IMT-2(K)() s piojc'c t is to pioyidc' a highei Icwel of seiyic e and < aiiabihtic's than c'xistiug 
leyels within thc> 2G systems Howc'vei, in doing so they would hkc' t.o hayc* an eyolutiou 
fioin 2G to .3G systems, so that the wireless iiifiastiuctuie compauic's (operators) will not 
haye to scrap then hard-earned and c-^xpeusive equipment and ladio fiecpiency spec tium 
The mam tc'chiucal oliica tiyc's of IMT-20()() are: 

• Minimum data rate* of 144 kb/s for full coverage and yc'lm iilai mobility, and 584 
kb/s foi iic^dc'stiian mobility 

• 2 hlb/s data rate for hiiiited coveiage and limited niobiht\ (c' g. indoor office') 

• High siiec-tiuin efficicnic-y (more users) (ompaied to existing systems. 
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• Hif>h to mtiocluco new vsei vices 


• Suppuit ot packer mode sei vices (eg The Intel net) 

ITU has taken some dec isions legaidmg the a.n inteifac o foi IMT-2000 This esseiil i.il- 
Iv allows a single flc'xibh' standaicl with a choice of multiple ac( (’ss method which ( onsists 
of FDD-CDMA and TDD-CDMA whcne FDD and TDD stand [oi Fiecpiencv Duision 
Duplex and Tmu' Division Duplex lespectivelv while CDMA stands foi Code Dimskhi 
Multiple Ac ( ('SS It was fc'lt that allowing this flexible choice' williin a single staiidaid 
would give opeiatois the chance to best address then specific i c'gulatorv. financial and 
custoinc'i iK'c'ds This standaicl would also allow coc'xistenc e and mtc'iopeiabilitv bc'twei'ii 
2G and IMT-2()()() oi 3G compliant svsteins It is hoped that small, lightweight mnlii- 
mocle multi-band tc'iinmals foi iiitei-svstem loamiiig on a global sc ah' will be availalde 


1.1 Current Scenario 

Futuie wneh'ss svstc'ins aic' lecpmed to suppoit diffeient classc's ol sc'i vices such as vok e 
data, image video c'tc Diiect Secpience (DS)-CDMA svstc'in which is cmic-'iitlv used 
111 second geiK'ialioii IS-Oo systc'in is a piomising tc^chniciuc' to suppoit thc'se sc'nices 
efhcientlv 

Each class of sc'ivice has chffeicmt requiiemcuits of tiansunssion late and ciuahi\ ol 
seivice (BER delav etc.) Theie aie manv ways in which the' transmission latc' and 
peifoiniance associated with diffeient classes tan bc' c ontrollc'd m multiiate DS-CDM \ 
svsteins Foi c'xample a iiarlieular transmission rate can be acliic'vc'd bv an appiopiiate 
choice of (hip late [1] jnocessing gam [2]. numbei of codes [3] <md modulation schc'iin' 

[4] 

In addition to [3] [9]-[l()] have also used powei alloc ation to satisfv QoS lecpiirc'mc'iit 
111 [*3]. data thiouglipiit has been maxiinr/ed foi given values of voice and data PG bv 
vaiymg voice and data iiowei. While in [9] thioughput is maxiim/c'd by niiniinizmg tlic' 
sum of all tiansmit powei bv mobiles Dynamic assignment (.d PG in a tmie-sh/tted 
CDMA model is studied in [10] 
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1.2 Motivation for Present Work 

In this thesis the tiansmissiou late and quality of service of diffc'U'iit classes aie optimi/cd 
l)v selection of diffeic'iit piocessing gams (PG) All othei vaiiabh'S (chip late. nuuilx'i of 
code and modulation scIk'HK') aie fixed fo: all useis The PG is vaiied bv (hanging 
svmliol duiafioii Doubling PG douldes the svmliol duiation f'oi data useis. iiincasc 
in PG iiuK'ascs the thi(mgh})ut This is because incic'asing PG me lease's thc' Signal lo 
Intc'ifeieiK (' jilus Xoise Ratio (SINR) and theiefoie decieases K'lirUismission plobabllll^ 
Tiafhc < haiac tc'iistic s (packet geneiation late and packet lenglli) and system paiameic'i 
such as desiK'd (JoS aie same foi all useis in each classes Hcnceci'i thc'v may diffc'i (loiii 
( lass to ( lass 

111 DS-CDMA system pc'ih'ct pcnvc'i contiol is a veiv ciitnal issue due to iieai-l.n 
pioldem Sevc'ial studic's [7]-[8] have shown that system peifoim.mce is sevcuely affecterl 
due to mipc'ifc^ct powei contiol Iiupeifect powcu' contiol issue' has been e emsieleie'el in 
0111 analysis The h've'l of imiieife'c tioii depends on seveial faelois like i) 0 wei e-ontiol 
algoiilhm moliility anel elistiibution of mobiles 

In niulti-ee'll CDMA system, the QoS of useis aie siginfie antic affe'ctc'cl by the' oihei- 
cell Intel feu e'lie e' - the mte'ifeie'iic e* fioin mobiles c ontiollc-'d liy otlu'i base stations '1 Ins 
issue has alsei lie'e'ii eonsieh'ied in cnli analysis Distiibutiem ol me)l)il(-'s m the' evil sig- 
nificantly affc'cts otherec'll interfeionce Sectonzation also affc'cls othc'icell mtc'ife'ieiin' 
which diK'clly affc'cts thc' eaiiacitv In othei woids we can sac tlnoughput is a fune tioii 
of all tlic'sc' pai.miete'is 

Tcc'o tiafhe models e onsideied in this thesis foi data generation ,ue 1) Random and 2) 
Continuous Random model coiiesiionds to biiistv tiansiiiissionl and continuous model 
coiiesponds to long hh' tiansmission. It has been as.sumed that c'ach usei geiieiatc's ri 
sc'quenee of hxc'd h'ngtli packets The leliability of data (omniunuation is guaianteed 
thiough eiioi (h'teetion and leUiansmission (ARQ) Usc'i tiaffie is paititionc'd into diflei- 
ent (lasses foi e'xample vouv low piioiitv data, and high piioiitc data Each of whieli 
lequiies a paiticulai tiansmission rate and QoS We adcliess tlic' pioblem of maximi/ation 
of thioughiuit of data usens foi a given numbei of users in c'ach e lass. 

The moeled eve e onside'i in this papei differs fiom the mode'ls considcuod in othei 
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lefpieiK (\s [3]. [9] and [10] iu one or moie ot the following wavs 1 ) The data tiaffn model 
accounts foi Ijoth laustinc'ss and icdiaiisniissiou. 2) Thioughpui and dcdav is studied as 
a function ol lioth optimal powen and optimal PG 3) Aftc'i tiaiismissioii of data p<i(kei 
the XAK IS leceivi'd aftc'i some tune so delav includes not oiilv K'tiansmission tmu' and 
queueing tune l)ut also the* adchtioiial time of biiffeiing a packc'i loi letiansiiussion Tii 
this thesis data thiougliput has lieen maximized bv vaiving the <lata piocessing as well 
as powc'i ot both voice' and clata usens consideimg the c'ffec t o[ otheic ell inteih'i ('in e 
and impeifect powei coutiol. Due to diffeient modeling assumiuioiis as outlined abine 
lesults aie chtfc'icmt as (ompaic'd to lesults piesentcal in piecc'dmg K'teicmc cas 

1.3 Organization of Thesis 

The outline' of the thesis is as follows In next chapten, biief ovc'i vic'W of c diiia svste'ins is 
piesented followc'd bv compaiison of vaiious multiiate methods Thc'ii otheic cdl inte'ife'i- 
ence foi diflfeient tiaffic c asc's such as unifoim distiibutioii of uschs unifonn distiibutiou 
with hot spot 111 c ells and c iic ulai sectoiization of colls is done' ( 'hajitc'! 3 contains iiiode'l 
and analysis of ic'souice' allocation foi given models foi both thc' uplink as well as foi tlie 
downlink Rc'siilts aie sunmiaiized foi diffeient inodcds m Chapte'i 4 
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Multirate Methods in DS-CDMA 
Systems 

2.1 Introduction 

111 a DS-CDMA system the data to be tiaiisinitted is fust iiiultiplu'd bv a pseudo laiidoiii 
spieadiiig se([n('U(e ((od(' signal) ivhicli is miKiuo toi each iist'i Tlit' latio of lale dI 
s])ieading seijneiue (dii]) late) to data late is called Piotc'ssiiig gam As each usci 
o( ( upi('S the ('lit IK' baiuhvidth. ('ac h us('i mteifeies with ('v('iv ollu'i usei m addition to 
the alieadv ]neseiit badcgiotiud noise Hence the DS-CDMA si item is an mteih'ieiu e 
limitc'd svstcnii On basc'-to-niobile link (Downlink), a cc'irs (oninion pilot can lie used 
foi the (haiiiK'l ('slimation and time syiidiioiiization The us('is diaimel can also be 
oithogoiiali/('d On tin' otlu'i hand it is not feasilde to provide iiidnidual pilot diaiiin'l 
111 the mobile-to-base link (Uplink) in sc'cond gc'iieiation CDMA sxstems Since dilh'ieiii 
iiseis aie located at diffc'ic'iit locations, it is difficult to c'stabhsh oi t hogonalitv bet\\('(‘ii 
them Howevei m the' pioposc'd thud generation (3G) svstc'm tlu'ie is a piovisioii to 
me oipoiate pilot chaimc'l m the uplink whc'ie c'vc'r the data late demands, foi a paitic ul.ii 
usc'i To deal with uiipic'dK table piopagation loss condition (due to shadowing and f<uluig 
of lacho diaimc'l and usei mobility), jiowei contiol is needed 
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2.2 Various methods of achieving multirate in DS- 
CDMA systems 

Theie aie nianv uu'thods In- winch one can achieve' cbffeient tiaiihiniHsion late foi fli(' 
diffeieiit clause's i c l)v vaiviiig chip late. piocessiuggain, nunibci ol ( ode's and uiodnlatiou 
Heie biK'f ovciview of vaiious methods is piesented [4]. 

Ill multi (hii)-iat(' system PG is constant hence the bit lati* governs the clup-iatc 
This iiH'aiis that useis with diffcueiit lates have diffeicuit bandwidtlis and we can scjueevi' 
maiiv such snljsvstems within the system bandwidth It is louiid that this stiat<'g\ is 
( omplic atc'd Ix'cause the' leccnvei must be sync-hiomzed to its paituulai code lati' and 
the system needs additional fiecpiencv planning due to unecpial bandwidth spieadiiig nf 
diffeient iisc'is 

111 a vaiiable piocessiiig gam system, diffeient data latc-'s can Ix' c'a.silv gcuioiated In 
vaivnig the PG without (hanging the chip rate, modulation scIkmih' oi coding Foi liiglt 
bit-iates th(' PG is low while foi low bit rates PG is high. Honcnt'i at high bit latc's du(' 
to low spieadmg gam inotection against mteifeience decieasc's It may also be chfhculi 
to find orthogonal ( odes foi all data lates in the dowiiliiik Absc'iu (> of orthogonal < odes 
iiicicMsc's mtei (haniK'l mtc'ifc'K-'iice Despite the piobhuns caiisi'd by shoit PG foi higli 
l)it late seivues. the vaiiable PG scheme is a potcmtial solution loi pioviclmg multuaie 
seivices. Siiu e the* tiaiisinission is carried out only on one code, t lic' ( oinph'xitv of lec c'n ei 
remains low. 

Ill multi modulation multnate scheme, different data rates ai(' achuweel by using dil- 
feient modulation scIk'HIC's However multi-modulation system, wlnue all useis have' tlie 
same symbol rate and PG. is not an optimal wav to implement inulti-iate systems. Fust 
of all it would be difficult to implemeiit maiiv data lates by oidv changing modulation 
Fiuthei. if it IS assumc-'d that all the useis have the same sigiial-to-iioise latio pei bit tlu' 
tiaiismitt('d powc'is ai(' differc-'iit foi diffeient rate's As spic'aclmg < od(' is same' foi diffeient 
useis iieai-fai-('ffe( t,s will aiise If on the other hand all users tiansmit at the same laniei 
the peifoiniauce of high data rate luseis will degrade because' of the lower E’^/Ao Fm 
BPSK and QPSK modulation everything works hue but for higln'i modulation scIk'iik's 
the energy pei bit is so small that the bit eiroi rate is high 
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In a multi-code system it is possible to piovide diffeieiit bit-iat('s by allocating seven al 
constant bit-rate codes foi the same user. Under the ciicumstaiu c's. numbei of diffeienit 
data rates that c an Ije supported depends on the basic bit rate. The' disadvantage (jf tins 
solution IS that moie the bit rates needed, more complex will ix' the receiver stiuctuK’ 
Since all codes have the same, cjuite high. PG the suppression of ultra cell iuterfeieiui' is 
good The inter svmbol inteifeience received from one code in this t ase is much smallei as 
compared to the variable PG scheme for high bit rate tiansmissioii However. interfeieiK (' 
IS received fioiii all the* codes that ai'e used for tiansmission The overall inter svinlx)! 
inteifeience is approximately same both m multi code and in variable PG alternatives 

Which is the best scheme for multirate transmission depends not only on the pcnfoi- 
mance but also on manv other parameters. It seems that multi c ode and variable siiieacl- 
ing gam methods are preferred to the multi modulation and multi chip rate scheme's 
But which one of these two is better, is a more difficult ciuestioii Multi code method 
can piovide oithogoiial codes in the downlink which is moio clifhcult for the variable* 
spieadiiig gam method On the other hand, vaiiable spreading gam method works with 
one receiver Hence to decrease the* complexity of receiver in mobiles it is piefferecl to 
use variable spreading gam method on the downlink. In the multi code case as niaiiv 
receivers are needed as there are codes. Howevei, these receiveis can be simple because' 
of the higher PG in each channel. In addition to the high c-omplexity of the leceivc'i 
another severe problem for the multi code method is the requiic'iiient of linear amiilihei. 
especially m the uplink. In this thesis variable PG method has been analyzed m both 
uplink and clownlink 


2.3 Multirate/Multi- QoS DS-CDMA by varying pro- 
cessing gain 

The approach for piovidmg multiiate services with diflfeient QoS lecpiirements in differ- 
ent classes in DS-CDklA is as follows The chip rate, numbei of spreading codes and 
modulation are fixed for all the sources, and the data rate is determined by selecting 
the PG Thus, all the sources are multiplexed onto the same wideband channel whic-h 
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maximizes tiunkmg efficiency 



Figuie 2 1‘ Paiametei selection foi multiiate/multi-QoS DS-CDklA [5] 

The block diagiam which illustiates the selection of paiaiiu^tcns, used to contiol tlu' 
tiansmisRion late and QoS is shown m Figure 2 1. Each souici' geneiates a seciuemc of 
fixed length packets of length L symbols, where L depends on tin* souice The parkt'ts 
geneiated bv each source enter a bufier after error control coding The buffei contents 
aie then conveited to a DS-CDMA signal at the symbol rate R/X. wheie R, is th(' clap 
rate and N is PG, which is being varied. Since chip rate is fixc'd. PG deteinimes tlu' 
symbol duration If the packet aiiival late is A packets/s, then the PG should not be 
laigei than R/(AL). Otheiwise the rate at which packets aiiive to buffei exceeds the iat(' 
at which the buffer is emptied (even without retransmissions) 

At the leceivei end, aftei despieading and decoding the received packet, receivei mav 
request the transrnittei to letransmit the packet if it contains eriois This is uecessaiy foi 
error sensitive users (data), but may be undesirable for voice usi'is as they can tolerate 
error but not additional delay. The choice of PG (N) significantly affects packet delay 
as well as transmission rate. Of course, the performance can bc' impioved by mcieasiug 
the power P but this incre<ises interference to other users. Here wo c'xamine perfoimanc e 
(e g error rate and average delay) as a function of both N and P. Depending on the' 
souice characteristics, the choice of PG for a particular user can also affect the QoS of 
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the othei types of users 

2.4 Othercell interference 

Powei coiitiol attempts to ecjualize users received power at a giv('u cell's base station, for 
all the iLsers controlled bv that base ‘station But iiiteifeience also arrives from the usc'is 
controlled bv other cell's base stations It is received at the given l)ase station with 1cm c’l 
power level, siiic-e soft hand off guarantees that a user is connec tc'cl at all times thiough 
the best base station - the one with the least attenuation due to propagation loss The- 
propagation loss is generally modeled as a product of the 4^^' power of distance and a 
lognormal shadowing factor [15] Thus, for a user at a distance' i from a base station 
attenuation is 


cv(r,^) = 


(2 1 ) 


wheie 4 IS a Gaussian laiidom variable, with zero mean and standard deviation a. 


2.4.1 Uniform distribution of users 


Assuming users are uiiifoimly distributed in all cells Following the method of [6] if the* 
interfering user is in anothoi cell, at a distance from its cell site (base station) arid /o 
from the cell site of the desired user, the interference in the desiic'cl cell site i.e other cell 
interference is 




inWio 


'o 


f) 


= p{ 


ro 


) < i 


( 2 . 2 ) 


where the fiist term is clue to the attenuation caused by distaiic-c' and shadowing to the 
given cell, while the second term rs the effect of power control to c ompensate attenuation 
to the cell site of the out-of-cell interfeier. Of course and arc' independent so that 
the difference has zero mean and variance 2a^ Normalizing thc' hexagonal radius to 
unity, let K be the number of users in a cell so the density of usc'rs in per unit area .is 


P = 


2K 

3^/3 


(2 3) 



CHAPTER 2 MULTIRATE METHODS IN DS-CDMA SYSTEM 


iO 


The total otheicell interfeience is given by 

^ in 

wheie 

(l>iUo - 7^) = 1 if < 1 

= 0 otlieiwise 

where ni is the cell-site index foi which 


(2 4) 


r^„10 = min 10 (2.1) 

Hence mean value of interfeience is 

= (2G) 

where 

= «'p[(<T;nl0/10)^l{l - (> 7, 

fk) oo 10 

The integial is numencallv evaluated for the a = 8 db over tin' I wo-diniensional aicvi 


E[I] < (.658A'P) 


(2 8 ) 


2.4.2 Circular sectorization 


Let us divide the cell in two ciiculai sectors having different cUmsity of users. Iiinei 
circular sector is of radius ’a’. Let us assume there are A'o + A'l users m cell. Fust 
consider only path loss without any shadowing loss Assuming the cells are circular with 
unit radius so outer cell sector extends from a to 1 
Hence interference fiom inner sector is 


4, = E 4 =- f” Ck , ' 

+ (P - 2uicos{«) 


(2 9 ) 


where A’o is the number of mobile in inner sector, d is the distance of other cell base' 
station to base station of reference cell, interfering mobile is located at (r, 9) assuming 
reference cell is at origin and interference from outer sector is, 

°° A'l 




ri 


+ — 2i ideas (9) 


)S id,‘iid9 


(2 10 ) 
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where A'l is the numbei of usei in outei sectoi and inteifeiing inolnle is located at (r i. ffi). 
Hence total otluncell inti'iferencc' is 


loc I I So "i" I * 


(2 11 ) 


Considei soft hand off being only in the outer sectors of th<' cells. This is conect if 
we use tilted antenna foi the innei cell 
Then othercell mterfeience is given by 


4. = £frS^/‘/ 


27r 


0 y/j f+d^-“2r idcos{6) 





Figuie 2.2: Vcuiation of othercell interference with size of innei sectoi 

Figuie 2.2 shows the effect of sectoi size m circulai- sector cast' on the otheicell inti'i- 
ference. Figure shows that with the increase of the innei sectoi uulius the total othei< ('ll 
interference from the first tier of the cell increases. This is b('( ause as inner sectoi ra- 
dius increases density of users in the outer sector increases, which increases interfer('iic(' 
received at mobile of reference. Curve with dotted line is coi responding to case when 
density of users in whole cell is same. 
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2.4.3 Hot spots 


Let us consulei the case, m which theie is a hot spot in a cell assuming the cells aic* 
ciiculai with unit lacluis. Bv a hot spot we mean that the' (h'usitv of inolnles in a 
paiticulai aiea is much higliei compared to that in the rest of cell Let us assume tlicuc' 
aie A'o + A'l users m cell Let hot spot is ciiculai and of radius ’a' and it is at k distance 
fioni base station Assume' hot spot being too small as (oiiipaie'd to (('11. In this analysis 
only path loss is ( onsidoK'd TIk'ii mte'ih'K'iue fiom hot spot is 



— - ■ ■ ) '■/ di dB 

A(£] — 2Tidcos{6i) 


(2 12 ) 


wIk'K' A'o is the nuiiilx'i o( nsi'is ui hot spot, mte'rh'i ing uiobih' is at (/.B) iii hot siiol 
dy is distance betwc'c'ii tlu' interfering base station and base station of ndorence, /j is its 
distaiK.c' fioin base' station, Bi is the angle it make's with le'fe'ie'iie (' base' station and A], 
IS the iiumbe'i of iiseis in hot siiot 
Now iiiteifeie'iiee fioiii le-'st of the cell is 


'' (l-a2)7r>loJo ^y.2 + ^2 _ 


2r dcosB 


YidulB 


(2 13 ) 


wheie mobile of mteifeience is at { 7 , 6 ) m its cell and A'l is the' number of useis m le'st 
of the cell 

Hence total othercell interference', is given by 


At paiticular position the' mterfeieiice from the hot spot becoiiie's ('epial to that fioiii le'sr 
of cell, whatever be the loading in hot spot Figure 2.3 shows, the effect of change' of 
the location of the hot, spot m cell with different loading in hot spot on the otheice'll 
interference. -\11 these cuives for the different distribution of use'is m hot spot and ic'st of 
cell intersect when hot spot is at particular distance from the base' station. The distane (' 
of hot spot fiom the e.entie (base station) is .67 when hot spot is of .1 unit cliame'te'r 
This is because of the reason that at this particular distance pe'r user interfeience foiiii 
the hot spot and that fiom rest of the cell is same. So this becomes independent of the 
percentage of users in hot spot. This intersection point is a function of size of hot spot as 
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Figuie 2 3 of otheicell interfeience with hot spot ot si,-,. .05 radms m (dl ,v.tl, 

the location of hot spot 


we mnease the »,.o of hot sp„t (.,ains). effecth-e pe. «se. mto.le.e.Ke ,lee.ea.se» He,,,, 
this int,‘ise,tioii poiut is at large ,listance fiom the base .station 




Chapter 3 


Resource Allocation 


III this chapter, wo consider the problem of allocating resources i.e PG and power for 
both uplink as well as downlink in the presence of othcrcell interference and imperfect 
pow(‘r control. We first allocate the resources for the uplink and then the downlink. 


3.1 Model 

We assume there are two classes of asynchronous users - voice and data with fixed num- 
ber of users in both the classes. Each class has its own traffic distribution and QoS 
reipiiKMuent We consider two type of cases. 

• Random voice and continuously active data users. 

• Handom voice and random data users. 

Random means each user generates a sequence of fixed length packets according to 
a Poisson process with rate A. So a packet may experience queueing delay, transmission 
delay etc. I’liis corresponds to transmission of short bursts. Continuously active means 
each user generates a new packet as soon as preceding packet is delivered successfully. 
Packets experience only transmission delay and no queueing delay. This corresponds to 
a Kitiiation in whit'h all usi'rs are transmitting long files. 

Let A be the rate at which a source is generating packets and S be the average time 
taken to successfully transmit a packet including retransmission time. Then, Pon - the 
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Figuie 3 1. Data traffic model 


piobabilitv that a usei is active at any instant is given by Littl('’s founula [14]. 

Pon = XS if XS < 1 

= 1 other unbe (3 1) 

A5 > i implies aveiage packet waiting time (queueing time) is iiifmite. 

Voice pat kt't tiansmission time T = wheie 1 is length of packt't X is PG and R is t hip 
late The stalulity condition A5 < 1 implies that PG 

N < Nma. = ^ (3 2) 

Foi c.ontinuously attivt' case, data users letransmit packets which are received ei- 
roneously. Wt' wait for Negative AcKiiowledgenient (NAK) foi some finite tune aftei 
tiansmission. If NAK is it'ceived within that time, we send tht' packet again instaiitlv 
We assume that NAK leceiving tune t is unifoimly distributed in [0,U]. 

If 6 denotes the transmission time of a packet then 

P7[S = T+j{t + T)]=^p{.{l-p,) 

wdieie j is the number of letransmission leciuest and p, is piobabilitv of letiaiisnussiou 
The aveiage packet tiansinission time is given by 

D =. E[(5] 

= SlI^^T (33) 

(1-pr) 

But in the case of random data user, packet is letransmitted after completion of 
transmission of the current packet i.e. lesidual time of outgoing packet Queueing tiiiK' 
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IS also iuchuled lu this case’ Residual time r, of outgoing packet is unifoimlv distiibuti'd 

111 [0,T] 

Let B lie packet tiaiisiiiissioii tune then 


Pi[B = T + j{t + r + T)] = j 4{1 - p,) 

= + T (3 4, 

i^-Pr) 

Let A denote the tune, jiacket occupies the channel for successful tiansnnssion Then A 
has the geoiiK'tiical distiiliution 


Pr[A=,r]=,^-‘(l-i,0 

where ] = 1,2 is the number of transmission necessary for successful reception. 
Consideinig M/G/1 ciueucnng model with infinite length buffeu. then average waiting 
time in cpieue W is given bv 

A£[A^l XP(l+,>.) 

2(1 -p„„) 2(1 -p,r^ 

where 

XIN 

Theic'fore total avoiago packet delay for the user is 

D = E[B] + W (3 G) 

To satisfy the BER reciuiieineiit for the data traffic, the piobabilitv of an undetected 
error must bc' no greater that the target BER. Since we assume that all errors are detectc’d 
the BER ic-'ciunemcnit for data traffic is automatically satisfied in the model We focus 
on satisfying a deday constraint (i e on average delay) In contiast, for voice traffic wc' 
assume that the maxnnuni delay, D = LNnuti/R, is acceptable and focus on satisfying a 
constraint on the average BER pb • 


3.2 Uplink 

In uplink interference is not only from the users in other cells but also from the users in 
its cell We assume that users of all the classes are uniformly distributed in all the cells. 
The packet length and coding have also been taken to be same for both the classes 



CHAPTER 3 RESOURCE ALLOCATION 


17 


3.2.1 Random Voice and Continuously Active Data Users 

Let. the iiuuil)('i of voice u.seis be A„ and the numbei of data usei.s lie As voice u.sc'is 
aie randoiiilv active, we coiisidei a voice usei to be ON with pioliabilitv Pon,. tind OFF 
with piobabilitv (1 —pon,.) The number of active voice users at a time is random Data 
users an' ( oiitinuon,sly active' i e then piobabilitv of ON is 1 

Lc't P ,, A, I !)(' the power and PG of voice useis and Prf, .V,/ lie that of data useis 
The resume (' allocation problem is the assignment of power and PG i.e. P,.,Pd.N, X,i 
so that QoS and late recpuiements aie satisfied Specificallv. we' wish to maximize the 
thioughput ol t.lie data users demoted as foi fixed iiumbei of voice and data usc'is 
siiliject to a (JoS eonstraint for the voice users Foi voice user is a function of X,. 

Pott,< ~ ^u^uNu / R (3 / ) 

where R is chiii rate We have maximized i]d foi a given value of .V,,. 
mar 

i),i subjee-t to the constiaints 

Pb„ < fu, Pu < Pv^ 0.V(} Pd < Vd (3 S) 

where f„ is maximum ace-c'ptable' BER of voice useis while V,, and Vd ‘tve the maxmimii 
allowed power h'vc'l of voice' and data useis lespectively. 

The re-*e-eive'd signal coriesponclmg to a voice usei after mateh filter detection can be 
expresse'd as 

/\ p — 1 

/ = ^ (Vi(l>vAi,btPi, + OjAdbjpij + I,. + Li Av (3 9) 

/=2 

where 

A„ = signal amplitude of voic.e user. 

Ad = signal amplitude ol data use'r, 

I„ = otheieell niteife'reui-e e-oire-'sponding to voice useis in otheiee'lls. 

Id = otheieell inter feieiice e'orresponding to data users in otheiee'lls, 

(p,, = laiiclom variable, which is 1 with probability Pon,. 0 '''ith piobability (1 - Po„, ) 
It is assumed to be i.i.el for each transmitted symbol, 

7] = thermal noise 
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b, = bit traiisimtted ft, € [i, —1] with equal piobabilitv, 

= coiielatioii of signature sequence of mobile to mobile of lefeience. 

O', = lognoiiiially distiibutc'd random variable to model the imp('if('ition in power control 
It IS assumed to be 1 1 d. for all users When cv =1 it coiiesponds to perfect power control 
r can bc' c'xpiessed as a suinmatioii of two terms as 

r = X„ + i] (3.10) 


where 


A /I ” I A</ 

A'„ = oi.4„ft| + + ^c\/jAjh,pii + Ir + Id 

/=i 


(3 11] 


1=2 


SO piobalnlitv of bit error of voice user [11] is given bv 

IK = E 




(3 12) 


Th(' expc'ctation iii alrovc' ('xpiession is over the interference and power control statistic s 
Conditioning on the' statistics, an expression for the above probability of eiioi can bc' 
evaluated Init il.s complexitv increases exponeiitiallv as the number of users in the svstc'iu 
Hence using the- hrst and sc'cond moments of the interference and power control statistic s. 
an appioximation for pt,, c-aii be given by 


W/,. 




r£(.Y„)l 


'£(A'„) + V^3)(7a-; 

+ -0 

'E{Xr) 

1 

CT 

L 


a 




a 


(3 13) 


The details of dcnivation of the above equation are given m Appc'iidix A. It is seen that 
the approximation given in above equation is fairly accurate oven wide range of mteifc'ic'i 

powei levels 


3.2. 1.1 Othercell interference 


Following the' method of 





[7], othercell Interference fioni voice usc>rs is given by 

X '(/;(^d,o - id w ■~)PodA 
do 


(3 14) 


where, 

&) = 1 if < 1 
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= 0 otherwise 

a.u(l ^ IS Gaussian distiibutod with zeio mean and standaid deviation Ci = 8db. pi, is th(* 
deiisitv of iiiobih's and k - the corielation coefficient of signatuic' s('(iuence of that iiiolule 
to the inobih' of lefeieiuc' and is taken to be 
Simileialv ol.lu'uell inteift'ience fioni data useis is given by 


1,1 = A, hi f / X n. —)p„dA (3 13) 

CIq / fff 

Since E = 0. Iheiefoie the expected value and vaiiance of I,, and Id can be given as 


E[I.,] = E[ld] = 0 

[/„] < (.658po,i„7v„P„?n)/iV,. 

Vai[Id] < {.658ponJ<dPdm)/Nd (3 IG) 


wheie P,, = .4’^ Pd = A'i £:[fv] = // and E[af^]=m 

A',. — I 

Since E [/>,] = 0. so mean of Y. a,(t)„A„h,pu = 0 and vanaiK (> of this teini is 


= E 

= E 

= E 


1=2 

■ A,.-l 

( ^ ^ '(-^i^vAiibj pij) 

. 1=2 

/=2 /,A 

- /=2 


(A'„ - l)Al2)on„infN„, 


(3 it; 


by using th(' K'sults [12] 


E\ [pikPii] — 


phi 

N„ 


Siinilarlv iiKvui and variance of sc'cond teiin can be calculated 


(3 18) 


Refer to Ecpi. 3.11, 

E[X„] = pVPv (319) 

Variance' of A’„, is 

1 'ar [A'„] = [(A'„ - l)AiponAn + A'dA'^rn + 658po„., A‘f,A'r'/n + .658A'd.4fim 
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+{■111 - ti^)Ai]/N„ 

— ~ ^)PaPoii^fn + ArfPrfrn + .6o8jJon,,PvN,.m + .658KaPd'tn 

+('m - /i^)P„]/Ar„ (3.20) 

Siiic'(' t.lii()U{^hi)Ut of a (lata usei caimot be maximized with lespc^ct to both P,. and P,/ 
so fix P ,, oi P,i and d('t('inuii(' optimal value of othei such that voice useis satisfy BER 
eciuivah'iitly Thus l.li<' data throughput is maximized foi a given value of P„, Pj and .V,. 


Th(' ie(('iv('d signal con ('sponding to a data user aftei match hltei detection can Ix' 
('xpic'ssed as 

/\ (I A,/ — I 

/■ = o I A,il)\ + ^ (y,(l),,A„hiPi, + ^ a^AdbjPij + + /,/ + ?■/ (3 21) 

/=2 j=l 


r ( an lx* ('xjnc'ssc'd as a summation of two terms as 

7‘ = A’rf + T] 


(3 22) 


wh('ie, 


A (I Af/ 1 

X,i = (\-iAdb\ + ^ ai<t>^,Avb,pu + ^ 0fjAdb,pi, + 1,. + Id 

i=2 ;=1 


(3 23) 


So piobability of bit (uroi of data user is 


1% = iQ 


[ma] 

+ ^0 

'B{X„) + y(3)<TA„' 

+ -Q 

■£(A-„) - \/(3)cr.v.,' 

(7 

L J 


(7 


(7 


(3 24) 


Refei to Ecjii 3.23. 


E [A'rf] = i-iAd = p.\/Pd 


(3 23) 


Variance of A'^/. i is 

1 ’ar [A',/] = [K„Aip„n,.m + (lu - l)Ad7n + 658pan,.AiKr>n + M8KdAf,m 

+{7n-f,^)AiyNd 

= [A'„P„p„„„7n + (Ad - l)Pdm + .658po„,.P,.A',-/// + 658KdPd7n 

+{'Hi — p^)P(i\/N(i 


(3.26) 
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Retransmission pi ol lability of data packet is 




(3 27 ) 


wIk’K' k is code ial(> 


H('n( (' av('ra,ge packet delay is 


2.5lNdp,a INj 
R{l-Prd) ^ R 


(3 28 ) 


Thus the aveiagc' thioughput - average rate of successful tiansimssion of svmbol. is 


kl 

Vri = ^ (3 29 ) 

Diffc'K'ul.iat.iug t.h(' thioughput w i t and equating it to zeio gives the value of -V,/ ai 
which daf.a l.hioughimt is imixiinunrfoi a given value of iV„ 


3.2.2 Random Voice and Random Data users 

Both voic(' and dal.a usc'is ar(' randoni m this case In this case N,i ('fleets the peifoiniaue(' 
of both voic(' and dal.a iisc'is An increase in causes deciease m P,j, but this incieases 
p„„_, that, in till 11 inei('HS('s the int(uference foi the data users. 

This casi' IS dilh'ii'iit fioin the previous case in that P,. and Pd cannot be diK'ctlv 
fh'terniiiK'd as th(' value' of is not known and hence pjd i« uot known as it depends 
on po„,, oi vic(' c’('rsa. For c'ach value of Nd solution does not ('xist because delay mav 
Ix'conie inlinit('. 

The r(*c('iv('d signal corK'spondiiig to voice user after match filtc'r detection is c'xpi('ss('d 

(■IS 

A,.- 1 Jvj 

/ = (\\A„b\ + (^i<t>ttA„h,pu + ^ Ahi + f] (3 30) 

1=2 3=i 

T can be ('X])r('ss('d as a sumniation of two terms as 

r=V„ + 77 (-3 31) 



(3 32 ) 


where, 
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So inobahihty of hit cnroi of vouo usoi is 

•5 L or J 6 * [ a 

R('f('i to Ecpi. 3 32, 


— 1 + io - \/(3)^.v, 

6^ a 


E[X„]=i.iA, = hVp, 


(B.33) 


(3 34) 


VmiaiK (• of A',,. is 


] fu [A,.] [(A,, ^)A„])„,i„ni + I\aAjPon,im + .6’j8p„,i,,AfK,.n) + 6o8po,i,,N(iAf,ih 

+{>n-fi^)Ai]/N„ 

= [(A'„ - l)P„p„„,jn + KdPdPon,m + C58p„„,.P„7v,,/// + Q58pon,KdPd»i 
+{iii - fr)P„]/N„ (3‘ 


The i('(('iv(>(l signal coirc'siioiKliiig to data iisei aftei match hlti'i detection can lx- cx- 
prc'Hsi'd as 


'/• — n ^ ^ o/)(j>dAdhjPi^ + + /,/ + 7) 

/=2 ' /=! 


(3 3C) 


/• can !)(' ('xpr('ss('d as a sniiiination of two terms as 


r = A'„ + 7] 


(3 37) 


where. 


A |t I \ ^~- 1 

ni.4,//;i + X) (^i4>vA,Api, + 2 o/j^dAdhiPx, + + Id 

{=2 7=1 


(3 38) 


So proliahilil.y of bit cnror of data user is 

2 r£(.Y„)l 1 rB(A'a + 1 rB(.VJ - /(3)a.v.,] 


Refer to Eipi .3 38. 


E l-Yj] = fiAd = ii'fPi 


(3.40) 
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Vaiiaiicc' of A',/. is 

\ (II [A,/] = /// + (A,/ — + 658po„,,-4^,A,.//; + 658poii,iE(]Ajiii 

+{iii - ii^)A^^]/N,i 

= U^nPvP<m,.in+ {Kd-l)PaPon,,m+ 658po„„P„A',.//; + 658pon,JuPd^» 
+{'in-iP)P„]/N„ (3 41 ) 

Rc'tiansmission piolMbilil.y of tho data useis is given bj’ 

p,„ = l-{l-p,„f (3 42 ) 

Piobabilitv of ON of data is 

^<l^dN(i . , ^ilhlNj ^ . 

“ mi-prj mi-v,.,) 

= i otherunne (3 43 ) 

Algonlhiii foi coniputiug the uiiminum delay of data packet is as below. 

For a givc'ii value of A',, 

1 . Ooinputi' the initial value of such that 0 < Poa,, < 1 - 

2 For fixed = Pi<{P(i — Pd) eoiiipute Pd{Pv) achieve p(,,, = f,. from Eqii. (.3.33). 
.3. Oomputi' from Ecpi. (3.42) 

4. ('omi>ute t.lie u('w value of fiom Eqn. (3 43) 

.") It,('rat(' st(‘i)s 2 -1 until coiivergeiice. When the differ enc(' becomes less than 10 

W(' have assumed < ouvc’igeiiee 

6 Oomputc' D corrc'spoiidiug to ("onveiged values from Ecpi (2 C) 

7 ^liiiiiiii/e D w.r.t. Nd 


3.3 Downlink 


Downlink is different from the uplink in that, there is no same 


ell interference. This is 


because' all thc' channels aice orthogonal to each other. 


In this ( ase interfering souk es 
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aro the otlu'v (‘('ll baso stations It*is assumed that received powei bv the mobiles of 
a part.iculai (lass is same It is also assumed that useis of both classes are uiiifoimlv 
distributed iii e('lls Assuimiig the cells aie circular with unit ladins 


3.3.1 Random voice and continuously active data users 

R('e(‘iv('d sij;nal at. the mobile of refoience which is at location (i [.9) in its cell is gmui 
bv 

/ = A, + '^'^(l)jA„bjg,, + J^'^Adb,fJn + >l 

A=l/=1 A=l/=1 

wIk'K' ,1,. and A,i <ir(' l.lie leec'ivc'd signal of voice and data us('is K'spectivelv and g,, is 


- iL 

9n - 2)2 


(3 43) 


wli('r(' v, IS l.b(' distance' of i"' mobile fiom its base station D is the distance of its base 
slat, ion from the n'ferenee mobile Let r, be uniformlv distiibiitc'd between (O.R) le 
I , G r [{), //] and 9 be also uniformly distiibuted i e. 9 € C/[0,27r] 

Applying (('iit.ial limit, theorem to Ec^n 3.44, the PDF of /• can be approximated as 
(laussian. fU'iiec'. tlu' probabilitv of bit error foi voice usei can be given as 


Phv “ y— — •) 

2 y'larH 


(3 46) 


Av('rag(' value of signal i('c<'iv('d bv yoice usei is 

E[ 7 ]=A, = \/S 

1 “ 1 J 

= E + E + , 7 - 

A.=:l ^ ^ 

Tar [r] = E p] = tnin)fo{9)(h id9 

R,(>c('iv('d signal eoi responding to data user is 


00 Kv 


oo Kfi 


r = Ad + ^ 2 + 13 S + >) 

A.=l;=l A,=u=l 


(3 47) 


(3 48) 
(3 49) 

(3 .30) 
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Pi()l)ability of l)il oiior loi tho data user is 


£’[/]= 



E 

yVar [r' 


(3 -. 1 ) 


\'aii}Hi( (' IS saiiH' <>.s that of voico nspi. 

Rotiansinissioii pioliability of packet = 1 - Probability of coiK'tt leceptioii of packet 
Hc'uce letiaiisniissioii probability is • 




(3 52) 


Thus, lh(' averaf^c' ])ack('t delay is 


2.5/iVrfp,a m 

R{l-l>,d) R 


(3.33) 


So th(' av<'rat!,(' thioiif^hpiif is 


% = 


U 

D 


(3 34) 


Diff('r(>uliatiiif>, the lhroiiglii)iit w.r.t and equating to zeio gives the value of .V,/ at 
which data throughput is uiaximuiu foi the given value of *V,,. 


3.3.2 Random voice and Random data users 


Receivc'd signal <i 1 the moliile of reference which is at location (/ 1 . 6 *) in its cell is givcui 


/ = Ai, + ^ H + ■'/ (3.0j) 

A=1 y=J K=\ «=i 

whc're . 1 ,, and . 1 ,/ aic' the ica caved signal of voices and data useis rc'spectively and c/,., is 


rj 


(3 :.o) 


whc'rc' I'j is the' distance oi mobile from its base station D is the distance of its liasc' 
station from 1 .he referc'iice mobile -Let Tj be uniformly distiibiited between (0,R) i e 
r, £U [ 0 , i?] and 0 be also unifoimly distributed i.e. 9 G C/[0, 27r]. 

Piobaliilitv of bit c'rroi for voice usei is 
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Aveiaf^t' vahu' ol signal i('(('iv('(l l)v voice user is 

E[r] = A„ = Vn 

E [/ '^\i 1 = S E„Po„,.AiE [j-J] + "^KdPo,i,,A:iE [/ Jj 

nu 1 00 

= „Po„ „ Al ^ / 5 + ^ A dPoii,t Aj I'y + C! 

A = 1 -^A- A =1 ^A 

!>//•[/] = E p] = phi,^] fniu)Mf)y^ndB 

R(>( (>iv('(l signal ( oiiesiioiiding to data iiaei is 


00 A', I 


oo K,i 


= Ad + ^ (l>iAvb^(ji } + I + // 

A-=lj=l A= 1<=1 


Piohabilit.v of bit ('ivor loi the data user is 


1 M 1 

Ph., = -er/c( /-;■— ) 

2 or [rj 


(3 jS) 


(3 39) 
(3 6(1) 


(3 61) 


(.3 02) 


E[r]:=^Ad=VTTi 

is sanu' as th<it ot voicp usftx. 

Tho «lBoul lm> US.KI for niudom voioe and random data use, for the uphnk is also ns-d 
,u Ite < aso io <'al< «lato tho rnrnimmn dalay for the packet tiansrmssion of the data asm 

























Chapter 4 


RESULTS 

4.1 Result 

111 this cli.iptcr till' ri'Hults foi both uplink and doivnlink aie ]U(’S('utpd Results an* Im 
tlic bolli models, i (' imidoiii voici' and c ontinuoiislv active data ii.scus and laiidoiii voue 
and laiidom d<ila iisins Tlic' values takcui fo: difieieut paiaini'ieis aie coding late k = 
1/2 packc't length = 7()K svmbols. and chip late is 5 Idcliips/s Packet aiiival latc' ol 
t.he voice iisi'i ■ - IS 75 pack('ts/s (c-onesponding to 14.4 kb/s) and L’ = 3T Inipeih^t tion 
111 ixnvc'i control is l.5db and st.aiidaid deviation of shadowing ct, is Sell) Theinial iioisc' 
standard dexiaiion n is Kidbm and inaxmmin powei of both vouc' and data usc'i is (I J 
Watts 


4.2 Uplink 

I'lie algontlmi is applu'd loi 1 case's. 

<-ase 1- onh saiiu' cell intc'ifeicuic e, _ 

c'asc' 2 - both iinpi'ifect power contiol and same cell iiiteifeicuu (' 
case ;{ - same' ci'Il <is wc'll as othc'rcell interfeienc.e 

4 - same cc’ll and otherc'ell inteiference and imperfect povei c’ontiol 
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I‘i}>,uic I 1 |),((a (lii(iii^!,!i|)n( for iaikIoiii voico and (outinnons data for Kd=l() and 

i<\ II) willi \,. IS To ))a(k('|,s/.s lu uplink 

In all I'igiiK's noliiiiif^’ un])li('8 samc/Tll mteifprencp case, •with onlv imi)‘ - both nnpci- 
(ocl power coiKiol and saino coll intoiforeuce case, ‘with onlv oi i - same cell as well as 
olhorcoll inlet loroiKH' ease ‘with nni) and oci’ - same cell and ol lieu ell mteifeieiu (’ aiul 
nnp('rfee( jjowei eonirol < a.so 


4.2.1 Raiidoiu Voice and Continuously Active Data Users 

For lh(' random voice and continuously active data users case Figuie 4.1 coiiespoiids 
to nia\-inium datii llnougliput, Figure 4.2 for optimal data powei and Figuie 4 •') loi 
opiimal voice pow('i. As shown in Figure 4 1 data tlnoughiail fust iiKiea.ses .shaiph 
(Inst pliase) and iIk'h decieasi's veiv slowlv with voice PG (setond idia.se) Snui' m 
t.h(' first phase voiei* jxnvi'i is (onsfrant (maximum value), as rone PG increases <lata 
powt'r also increasi's. so tin' optimal data throughput increases. But in the second phase 
data powi'r is constant (maximum) and average vok e power P,. ) increases slowlv wii h 
voic(‘ 1 ’( } ( )| hi'i'cell intm fi'ri'iici’ and imperfect power control affcv ts the data throughput 
As ill Fig 1 lor voict' PG of 100 the maximuin data throughput, is 35121bps. 3404f>b])s. 
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1 1. (lata packot di'lay foi laiiclom voice and laiidoiii data foi Kd=() and 

Kv=() with A,/— SO pa(k('tH/s and A„=18.7.') packets/s ni uplink 

ISOOdlips and ITiSohps lor only same cell iiiteifen'iice, both unpt'ifett putvtn (oiittol 

* 

and same* <('11 iiilc't'lt'K'ucc. same cell <-18 well as otlicncell iiit.eifc'K'iu (>. and same cell and 
ol here ell inlet lei ('iicc' with impel feet power control case's K'spe'c tivc'lv 


4.2.2 Random Voice and Random Data Users 

In llic' c<ise of landoin voice' and random data users, due to vc'n- low value ol the' PC! 
dc'lay could hc' iiiliiiite for a givc'ii value of within the const lauits This is liecansc' 
at low value' ol P(l. p,,, makc's eclual to 1 which makes the' average ciuc'uing dc'lav 
inliiiile This is whv the' c iirves m Figtiic’S 4 4. 4 5 and 4 6 begin lioin diffeieiit iionits on 
the' x-axis. Kigtiie -1.4 shows tlic'ic' is no data thioiighput below Pd = 8 foi onlv same' c c'll 
nitc'rfc'i ('lie (' The value' ol PCt belcw wliidi this occuis foi both iiiipeifect powei contiol 
and same cc'll inl.c'rfc'rc'iice is about 8. Foi same cell as well as ol here ell luteifeicnice it 
is about 32. \A’hil(' loi same cell and othercell iiiteifeience with inipc'ifect powei ccaitiol 
ease' it is alioiit 30 
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Figiiu' 4 7 Data tluouglipnt foi landoni voice and continuous data foi Kd=l() au<l 
Ki = l() with A, =J(S 7") pa<k('t.s/s in downlink 

4.3 Downlink 

In downlink algoiitlini is applied for oiilv peifect powei contiol case. Interfeieiu (> is 
from the other ( ell base stations Heie algorithm is applied considi'iing 3 tiei of ( ells and 
K'fi'K'iK e ( ('ll IS at oiigin 


4.3.1 Random Voice and Continuously Active Data Users 

For th(' landoni voice and c oiitmuouslv active data users case Figuie 4.7 coiiesponds to 
maxmmm data thioughimt. Figure 4 8 foi optimal data jiowei and Figure 4.9 for optmuil 
vou(' i)ow('i .\s shown m Figure 4 7 similai to uplink data thioiighput fust mcH'ases 
shai])h tlu'ii (h'( lease's slowlv 

4.3.2 Random Voice and Random Data Users 

For the random voue and random data iisens casc-i, Figure 4 10 corK'spouds to iiiaximuiii 
(lata throughput, and Figuie 4 11 for optimal voice power. 
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FigiiK' 4<S Data [lowi'i toi laiidom voice and continuous data [oi Kd=l() and K\ = ltl 
with A, ,=18 Tj packc'ts/s in downlink 
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Figuic' 4 9 \oic(' powc’i foi laiidom voice and continuous data loi Kd=l() and Kv=l() 
with A,,=iS 75 packed, s/s in downlink 
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Figinc 4 10 Avc'iago data paiket dolav foi laudom void' and i.indom data toi Kd=10 
and Kv=l() ivith A,/=20() packets/s and A,. =18 75 packets/s in downlink 



Figure 4 11 \’oice powei ioi laiidoiii voice and laiidoiii data foi Kd=10 and Kv=i() with 
A,/=2()() pafk('t.s/s and A„=18 75 packets/s in downlink 
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4.4 Conclusion 

Model foi a Multi-iate/Miilti-QoS packet data DS-CDMA svstc'iu IS analyzed iii-rlus 
thesis The symbol late is deteimmed by the selection of PG <ind QoS is deteiiniiK'd 
l)y both PG and powei. Results piesented in this thesis show ojitinial data thiouf’hput 
and poiyei of data and yonc' nseis ( oiiesponding to diffeient yaliK's of yone PG foi l)iiili 
uplink and downlink Foi lioth < ontinuously ac tiye and landoni ai tiy(' data tiafhc nuxli-ls 
w(' hay<' chaiacteii/(*d ayeiage delay and thioughput foi the dal a useis as a function ol 
PG and eiioi pioliability paianietei-s. Foi continuously actiyc' case' data thioughimt is 
a iiioie sensitiye function of PG. Foi landonily actiye useis. small PGs can giye inhnitc' 
delay As c'xpc'c tc'd oui ic'sults iiiclic ate that otheic cdl mterfeienc (> and/oi impeifec t pouci 
contiol ic'duces the thioughput. 

4.5 Scope for Future work 

In this wenk wc' hayc' not considciied assigning multiple code's to diffeient classc's to 
achic'yc' multiple' liaiismission latc^s Other possibilities foi futiiu' woik include c onsid- 
c'lation of nioK' than two classc's of useis, channel impaiiment such as fading, and moi(' 
sophisticated (multiusei) clc-*tection .Hchemes 



Appendix A 


This appendix has liei'ii adopted from [13] We will now deiivc' the appioxiniatioii m 
(3 13). Consuh'i 


Ph 


> cr.V L (J\- J 


(Al) 


wheie /.\ IS the piobabilitv density function of the inteifeience and powei contiol stati.s- 
tus In oth('i woids. the' landoin vaiiable X is distiibuted with the nndeilying densitv 
fuiution being /\. and let us denote its mean and vaiiance. E[X] and \ai(X) lespc'c- 
tivelv We will obtain an approximation foi Pb, in teiins of ]ust the mean and vanaiuc' 
of X as follows 

Let 0 be a landoin vaiiable with mean p and vaiiance Them assuming existenu' 
of derivatives, we can lewiite a function P(0) using Tayloi seiic's as follows 


P{e) = p{i,) + {o-,i)p'{i‘) + l{i>-f^?P"M+ ■ ■ (A 2) 


By tiuncating the senes to just teims of the second ordei, and taking expectation oik' 
gets 


E[P{e)] = PM + ^p"Oiy 


(A .)) 


If instead of using Tayloi series, one uses an expansion in cential differences (Stiilmg 
formula) [13], then we aiiivo at the appioximation 


E [P(0)] « P{p) + - 


lP{p + h)-2P{p) + P{p-I,) 




(A 4) 


foi small h The value of h foi which above equation holds with ('ciualitv depends stionglv 
on a, the standaid deviation of 9 It was given m [13] that h=\/3o- makes the appiox- 
iniation for the fifth degiee polvnomials and noimally distributc'd 9. It was shown that 



APPENDIX A 


39 


the above appioximatioii is fairly lobust to non-Gaussian distiibutions and deviations 
fioin the above assumptions Using the above appioximation on (1) results in 
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-Q 

3^ 



+ Iq 

ay 
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